Stereo matching has been grabbing the attention of researchers because it plays an important role in computer vision, remote sensing and photogrammetry. Although most methods perform well with small size images, experiments applying them to large-scale data sets under uncontrolled conditions are still lacking. In this paper, we present an empirical study on stereo matching for large-scale high-resolution satellite images. A new method is studied to solve the problem of huge size and memory requirement when dealing with large-scale high resolution satellite images. Integrating the tiling technique with the well-known dynamic programming and coarse-to-fine pyramid scheme as well as using memory wisely, the suggested method can be utilized for huge stereo satellite images. Analyzing 350 points from an image of size of 8192 x 8192, disparity results attain an acceptable accuracy with RMS error of 0.5459. Taking the trade-off between computational aspect and accuracy, our method gives an efficient stereo matching for huge satellite image files. propagation algorithms, and there is also a need for dense disparity information. Sub-regioning method
Although feature-based methods have achieved a lot in the field of computer vision in recent years, most contemporary applications, especially remote sensing and photogrammetry, require dense disparity information which is attained by region-based matching methods [5] [6] . According to the recent survey [5] , the region-based method employs scan-line algorithms, dynamic programming algorithms, graph-cut algorithms, and belief propagation algorithms, and there is also a need for dense disparity information. Sub-regioning method [7] produces a dense disparity map by using rectangular sub-regioning (RSR) and two-stage have also studied this algorithm for much greater benefit. However, while most methods perform well to Middlebury benchmark and others, in tests on small-size image files, there is a lack of experience in applying them to large-scale data sets under uncontrolled conditions [11] .
In this paper, we present an empirical study on stereo matching for large-scale high-resolution satellite images. Dynamic programming is used to overcome the complexity of the computation. It also enables us to find the global minimum for independent scan-line in polynomial time [12] . The fast calculation of 3D correlation coefficient cube is proposed in [7] by using rectangular sub-regioning (RSR) and two-stage dynamic programming. The computation of a dense 3D cube produces the problem of insufficient memory when dealing with large-scale images. Integrating the principle in [7] with overlapped tiling technique, we divide the huge stereo satellite images and apply the process of stereo matching in order to overcome this problem.
As a result, the experimental results shows that the suggested method enables capability to perform stereo matching of large scale satellite images, whereas most methods concentrate on small size images.
I I. C on v e n tio na l M e th o ds f or th e E va lu a ti on of C ro s s C or r e la t io n
Fast Cross-Correlation
A fast cross-correlation method [8] is proposed by using box-filtering techniques [13] . The original formula to calculate cross correlation between windows in the stereo images f and g using a disparity value of d is:
where covariance    is transformed like this: Stereo matching for large-scale high-resolution satellite images using new tiling technique of the scene have a maximum disparity of no more than ten pixels [9] . Our algorithm exploits quad-tree decomposition to achieve more accurate sub-regioning. By using quad-tree presentation,
segmenting disparity values do not have to be stuck to only a horizontal direction or a vertical direction
In Fig. 3 , left image is a disparity map at a particular image pyramid, while right image is the disparity map represented by quad-tree. The quad-tree sub-regioning method [10] is based on cost function to determine whether a region should be split or merged. Our algorithm orients to a huge size image file, so that we segment a region into small regions by using a threshold-based homogeneity check, which is used in the split-merge process for the quad-tree sub-regioning.
This implementation allows us to save time and computing resources. -The sum of values along the obtained path gives the maximum value, which is also the maximum summation value along the whole 3D surface.
-Move from the bottom slice of Y upwards.
-Calculating the disparity, mask out the values which are more than p position away from the shortest-path of the previous slice. gives an illustration of our overlapped tiling process. Because of mask-filtering which is a rectangular window, to calculate the correlation between two images, we used overlapped tiling, which creates ghost region around each tile that contains a copy of the element of the neighbor tiles needed for the computation [14] . The primary part of a sub-image will have an added boundary depending on the position of the sub-image in the whole image.
Implementation of overlapped tiling method
It is noteworthy that the disparity value between two images (respectively called reference image and To improve algorithm from [7] , we establish the procedure for the stereo matching of large-scale high resolution satellite imagery by using the overlapped tiling method. Stereo matching for large-scale high-resolution satellite images using new tiling technique that sub disparity map into the corresponding part forming the disparity map of the whole image.
Because we process each pair sequentially, whenever its process is finished, the memory requirement for that pair is released so that the next pair can fully exploit the memory resource fully. This on-the-fly usage of memory allows us to use the least memory resource, sequentially. The process will be repeated by the condition in step 6.
We get the result and finish in step 7.
Segmenting an image into sub-images may affect the smoothness of the whole image. To prevent this effect, when calculating disparity, we take a reference to the disparity result of the top row of the previous sub disparity map. Besides, dynamic programming can find the global minimum for an independent scan-line in polynomial time, but has a problem with the inter-scan-line [15] . We observed that a small threshold value of homogeneity check in the quad-tree sub-regioning could be used to decrease the streaking effect. In addition, a bigger value of p in (3) can also prevent the streaking effect between two sub-images. In Fig. 9 , the left image shows streaking effect when we have threshold=16 of homogeneity check in quad-tree sub-regioning and p=1, when the right image shows no streaking effect when we have threshold=8 of homogeneity check in quad-tree sub-regioning and p=2. Table 2 presents the results of experiment in more detail. However, they solved problems with small sized benchmark images. We believe in the near future, more researches on all these kinds of problems will be done for huge size images. Integrating existing techniques to tiling, and seeing if we can solve the problem in a short time may also be an interesting direction.
